It has been proposed that the mental representation of a graspable object involves not only a description of its visual properties but also encodings of the motor programs to act upon it [1]. Thus, observing a handle automatically primes the motor programs responsible for reaching and grasping it. Here, we provide neurological evidence that such action-related object features can bias visual selection. Two patients with visual extinction after right-parietal injury detected cups with left-or right-oriented handles, briefly displayed in either or both visual fields. People with this disorder have deficient awareness for stimuli toward the contralesional, left side of space, especially when competing stimuli appear further to the right [2]. This contralesional extinction was significantly reduced when cups had handles affording a left-hand grasp, even though no hand response was required. No effect was found when handles were replaced with patches equated for position, size, and mean luminance. These data suggest that action-related information may be correctly extracted by the visual system, even though they are unavailable for conscious report. It is proposed that an object affordance for grasping modulates attentional selection by activating specific motor schema that, in turn, enhance the competitive strength of that object representation.
The opposite is also true. There is evidence that activation of the motor system may affect visual processing [7] . For instance, programming of manual responses triggers covert shifts of attention toward the side of the effector involved in the execution of these responses [8] . Here, our goal was to examine the influence of object affordance on visuo-spatial selection. Particularly, we asked whether, analogous to attentional orienting induced by motor preparation, attention shifts are also triggered by actions automatically activated by visual affordances.
The study focused on two patients with visual extinction after unilateral brain damage (Figure 1) . Patients with this disorder may detect a single stimulus in either visual field; however, when two stimuli are presented concurrently, the contralesional stimulus (i.e., the stimulus on the left side of space after right hemisphere damage) is excluded from awareness [2] . Extinction entails an abnormal bias in visual attention in the favor of ipsilesional stimuli, with a failure to direct attention toward the contralesional side of space under competitive conditions [9] . In this framework, we measured the extinction rate (e.g., left detection on double simultaneous stimulation) for objects (e.g., cups) that only varied with respect to the orientation of their affording handles ( Figure 2 ). Because cups were presented to the left and right visual field, any general effects caused by the presence of a graspable cup were counter balanced. Only one of these cups contained a handle (or handle feature). If object affordance enhances visual selection toward the side of the hand most suited to respond to the handle, then we would expect lower rates of left visual extinction for objects with handles evoking a lefthanded grasp as opposed to objects with handles eliciting a right-handed grasp.
Detection of right-side (ipsilesional) stimuli was nearly perfect for both patients, regardless of condition of stimulation. In contrast, both subjects detected fewer left-side stimuli in the bilateral than in the unilateral left display (J.P., 56% versus 94%; P.S., 58% versus 94%; p < 0.05 in both cases, Student's t test), confirming that they suffered from left visual extinction. Of most importance to our investigation, however, was how actionrelated object properties influenced the report of left, contralesional stimuli on bilateral displays (see results in Previous work has shown that overt/explicit activation of the motor system can feed into brain systems concerned with perceptual processes and thus modulate disorders of visuo-spatial attention. Thus, moving or preparing to move the fingers of the left hand in the left side of space improves detection of targets displayed thereof [10, 11] . Similarly, requiring a patient to search for a target based on the actions most commonly associated with it (e.g., find the object you can drink from) can also improve detection of stimuli presented toward the impaired region of space [12] .
However, several recent studies with normal perceivers show that actions evoked by an object can be automatically encoded, whatever an observer's intention with regards to a seen object might be [1, 4, 13]. For example, when participants are instructed to report the upright or inverted orientation of a graspable object with a left or right-hand response, objects that would be grasped with the right hand (e.g., affording handle is on the right side of object) facilitate such responses when the right-hand, as opposed to the left-hand, response is produced. These effects of action affordances are produced even though they are completely irrelevant to the subject's task, implying automatic computations of action.
Our results demonstrate that action-related object features can bias visual attention and stimulus detection even when object affordances are completely irrelevant to the patient's goals, and no overt hand response is required. Thus, a cup evoking a left-hand grasp facilitates this object's entry into conscious awareness, enabling explicit report of its presence. The finding that oval patches presented in the same location as handles failed to affect visual extinction demonstrates that the observed effect of affordances is not simply due to increased visual cueing by a salient feature [14] or to activation of an abstract, cognitive spatial code (see [ Unlike deficits caused by lesion to primary visual cortex, the loss of awareness that can follow damage to parietal cortex does not rely solely on the position of the stimulus in the visual field but also on its perceptual, semantic, and emotional properties [2, 17] . As we have demonstrated here, whether or not a contralesional object will gain access to awareness depends also on its significance for action. This conclusion converges with other recent research in normal individuals and extinction patients in favoring a view of attention as a mechanism that selects information for specific motor purposes, even in the absence of an overt action [18] [19] [20] [21] [22] .
Moreover, the results of the present study provide some support for the premotor theory of attention proposed by Rizzolatti and colleagues [7, 23] . On this hypothesis, directing attention to an object should result from the preparation of a specific movement to that object. Our results suggest an extension of this theory: that action-related object features can trigger orienting of attention toward their location, even though there is no explicit intention to act upon the object.
Physiological evidence in humans and monkeys indicates that the mere observation of manipulable objects, irrespective of the subject's intention, elicits the activation of cortical circuits (e.g., parietal and premotor areas) and subcortical centers (e.g., cerebellum and caudate nucleus) specifically involved in the transformation of visual object information into action [5, 6, 24-26]. Our findings clearly indicate that action-related objects can affect visual attention despite extensive damage to the right parietal lobule, implying that this cortical region does not play a necessary role in mediating the reported effect.
Overall, results demonstrate that action-related information influences visuo-spatial attention even when objects are not accessible to conscious awareness because of extensive right-parietal lesion.
